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NEW FORMULATION FOR INHALATION HAVING A POURED BULK DENSITY OF 0.28 TO 0.38 <J/ML, A PROCESS 
FOR PREPARING THE FORMULATION AND THE USE THEREOF 

Field of the Invention 

The present invention provides a new pharmaceutical formulation, its preparation arid its 
use. 

Background to the Invention 

Potent drugs for administration by inhalation are generally formulated in association with 
carriers such as lactose because of the problem of preparing accurate doses. When such 
drugs are diluted, variations in the weight of the formulation result in a smaller drug dosage 
variation rate compared with when they are not diluted. These formulations have generally 
consisted of coarse particles of the carrier with fine particles of the drug, which 
combination is generally known as an ordered mixture. 

The invention provides an improved formulation which, in systems designed to imitate 
inhalation has been found to give an improved dispersion of the drug. 

Description of the Invention 

According to the invention there is provided a dry powder composition comprising one or 
more potent pharmaceutically active substances and a carrier substance, all of which are in 
finely divided form, wherein the formulation has a poured bulk density of from 0.28 to 
0.38 g/ml, preferably from 0.30 to 0.36 g/ml. 

The poured bulk density according to the present invention is measured using known 
techniques, for example those described in "Powder testing guide: Methods of measuring 
the physical properties of Bulk powders" L. Svarovsky, Elsevier Applied Science 1987, pp 
84-86. 
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A potent pharmaceutically active substance suitable for use in the invention is, for 
example, an antiarrhythmic drug, tranquiliser, cardiac glycoside, hormone, hypertensive 
drug, antidiabetic or anticancer drug, sedative or analgesic drug, antibiotic, antirheumatic 
drug, immunotherapy, antifungal or antihypotension drug, vaccine, antiviral drug, protein 
(e.g. insulin), peptide, vitamin, or a cell surface receptor blocker. It is preferably a 
glucocorticosteroid, particularly one which is metabolised rapidly, for example 
beclomethasone dipropionate (BDP), beclomethasone monopropionate<BMP), flunisolide, 
triamcinolone acetonide, fluticasone propionate, ciclesonide, budesonide, rofleponide or 
derivatives thereof, momethasone, tipredane, RPR 106541 and/or a (J2-agonist such as 
terbutaline, salbutamol, formoterol, salmeterol, TA 2005, pircumarol or a pharmaceutically 
acceptable salt thereof; and/or a prophylactic agent such as sodium chromoglycate or 
nedocromil sodium. 

Suitable physiologically acceptable salts include acid addition salts derived from inorganic 
and organic acids, for example the chloride, bromide, sulphate, phosphate, maleate, 
fumarate, tartrate, citrate, benzoate, 4-methoxybenzoate, 2- or 4-hydroxybenzoate, 4- 
chlorobenzoate, p-toluenesulphonate, methanesulphonate, ascorbate, acetate, succinate, 
lactate, glutarate, gluconate, tricarballylate, hydroxynaphthalene-carboxylate or oleate salts 
or solvates thereof. 

The carrier substance is preferably a mono-, di- or polysaccharide, a sugar alcohol or 
another polyol. Suitable carriers are, for example, lactose, glucose, raffinose, melezitose, 
lactitol, maltitol, trehalose, sucrose, mannitol; and starch. Lactose is particularly preferred, 
especially in the form of its monohydrate. 

The ingredients of the formulation according to the invention must both be in a finely 
divided form, i.e. their mass median diameter should generally be less than 10 um, 
preferably from 1 to 7 urn, as measured by a laser diffraction instrument or a coulter 
counter. The ingredients may be produced in the desired particle size using methods 
known to those of skill in the art, e.g. milling, micronisauon or direct precipitation. 
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The combination of budesonide and formoterol is particularly preferred. Formoterol is 
preferably used in the form of its fumarate, especially the dihydrate. 

When the one or more potent pharmaceutically active substances used in the invention are 
formoterol and budesonide, the molar ratio of formoterol to budesonide in the composition 
of the invention is preferably from 1:2500 to 12:1, more preferably from 1:555 to 2:1, most 
preferably from 1:133 to 1:6. The composition according to the invention is preferably 
formulated to provide a daily dose of formoterol of from 2 to 120 nmol (more preferably 
from 7 to 70 nmol). When formoterol is used in the form of formoterol fumarate dihydrate, 
the composition is preferably formulated to provide a daily dose of formoterol fumarate 
dihydrate of from 1 to 50 ug, more preferably from 3 to 30 ug. The composition according 
to the invention is preferably formulated to provide a daily dose of budesonide of from 45 
to 2200 ug, more preferably from 65 to 1700 fig. 

More preferably the composition of the invention comprises, as a unit dose, 6ug of 
formoterol fumarate dihydrate and lOOug of budesonide, or 4.5ug of formoterol fumarate 
dihydrate and 80ug of budesonide, either of which can be administered up to four times a 
day. Alternatively the composition of the invention comprises, as a unit dose, 12ug of 
formoterol fumarate dihydrate and 200ug of budesonide, or 9ug of formoterol fumarate 
dihydrate and 160ug of budesonide, either of which is administered once or twice a day. 

Most preferably the composition used in the invention comprises, as a unit dose, 6ug of 
formoterol fumarate dihydrate and 200ug of budesonide, or 4.5ug of formoterol fumarate 
dihydrate and 160ug of budesonide, either of which is administered up to four times a day. 
Alternatively the composition of the invention comprises, as a unit dose, 12ug of 
formoterol fumarate dihydrate and 400ug of budesonide, or 9ug of formoterol fumarate 
dihydrate and 320ug of budesonide, either of which is administered once or twice a day. 
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According to the invention there is further provided a process for preparing a composition 
according to the invention which comprises 

(a) micronising the one or more potent pharmaceutically active substances and the 
carrier substance; 

(b) optionally conditioning the product; and 

(c) spheronizing until the desired bulk density is obtained. 

The process preferably further comprises a low energy remicronisation step after step <b). 

The formulation according to the invention may be made by conventional techniques 
known per se. Such production processes generally comprise micronising the ingredients 
to the required size, removing any amorphous areas on the particles obtained by, for 
example, the methods described in WO 92/181 10 or WO 95/05805 and then 
agglomerating, spheronising and sieving the powder obtained. The size of the 
agglomerates obtained is preferably in the range of from 1 00 to 2000 jim, more preferably 
from 100 to 800 jim. The bulk density of the formulation produced may be adjusted by 
varying the components and the process empirically, for example the bulk density can be 
increased by lengthening the time in which the particles are tumbled in a spheronising 
device. 

In solid-solid mixing, one of the most important features is to ensure content uniformity. 
The major problem encountered in the powder mixing of fine powders is the inability of 
mixers to break down powder agglomerates. It has been found that a remicronisation step 
after the conditioning step of the fine powder with low energy input is advantageous. It 
should generally be carried out using enough energy to break down powder agglomerates 
but not with so much energy that the size of the particles themselves is affected. Such a 
step gives a composition wherein the active substance and carrier substance are 
substantially uniformly distributed, having for example a relative standard deviation of less 
than 3% (preferably less than 1%) and does not disturb the crystallinity of the fine 
particles. 
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The formulation according to the invention may be administered using any known dry 
powder inhaler, for example the inhaler may be a single or a multi dose inhaler, and may be 
a breath actuated dry powder inhaler, for example Turbuhaler (trade mark). The invention 
further provides use of a composition according to the invention in the manufacture of a 
medicament for use in therapy. The composition according to the invention is useful in the 
treatment of respiratory disorders, particularly asthma. The invention also provides a 
method of treating a patient suffering from a respiratory disorder which comprises 
administering to the patient a therapeutically effective amount of a composition according 
to the invention. 

The invention is illustrated, but not limited, by reference to the following Examples. 

Example 1 

0.0315 Parts of formoterol fiimarate dihydrate and 2.969 parts of lactose monohydrate are 
mixed in a tumbling mixer (Turbula) to an evenly distributed mixture, whereafter the 
mixture is micronised in a spiral jet mill using a pressure and feeding rate suitable to obtain 
a particle size of less than 3 jxm (mass median diameter as measured by a coultertx>unter). 
The micronised particles were then treated using the method disclosed in WO 95/05 80S to 
remove amorphous regions in their crystal structure. The powder was then agglomerated 
by feeding the powder into a twin screw feeder (K-Tron), sieving in an oscillating sieve 
(0.5 mm mesh size), spheronising in a rotating pan with a peripheral speed of 0.5m/s for 4 
minutes and then sieving again using the same sieve, then spheronising once more for 6 
minutes before final sieving (mesh size 1.0 mm) giving a powder with a bulk density of 
0.32g/ml. 

Example 2 

Example 1 was repeated but the powder was remicronised in a spiral jet mill at a lower 
pressure (about 1 bar) after mkronisation and conditioning such that the step of treating the 
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particles in the manner described in WO 95/05805 was not required giving a powder with a 
bulk density of 032 g/ml. 

Example 3 

9 Parts of budesonide and 91 parts of lactose monohydrate were micronised separately in a 
spiral jet mill at a pressure of about 6-7 bars to give a particle size of less than 3 (am before 
being mixed thoroughly in a Turbula mixer. Before mixing, the lactose monohydrate 
powder was conditioned according to the method described in WO 95/05805, The mixture 
was remicronised in a spiral jet mill at a pressure of only about 1 bar to obtain a uniform 
mixture. The powder was then agglomerated and spheronised as described in Example 1 to 
obtain a bulk density of 0.35 g/ml. 

Example 4 

60 Parts of terbutaline sulphate were micronized to a mass medium diameter of less than 2 
jim in a Alpin mill 100AFG and thereafter conditioned according to the method described 
in US 5562923. 40 Parts of lactose monohydrate were micronized (Alpin mill 100AFG) 
down to a mass medium diameter of less than 3 (im and thereafter conditioned according to 
the method described in WO 95/05805. The micronized and conditioned terbutaline 
sulphate and lactose monohydrate were mixed thoroughly in a Turbula mixer. The mixture 
was remicronised in a spiral jet mill at a pressure of only about 1 bar to obtain an evenly 
distributed mixture. The powder was then agglomerated and spheronised as described in 
Example 1 to obtain a bulk density of 0.28 g/ml. 

Example 5 

Example 4 was repeated with 30 parts of terbutaline sulphate and 70 parts of lactose 
monohydrate to give a powder with a bulk density of 0.3 1 g/ml. 
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Example 6 

5.2 Parts of formoterol fiimarate dihydrate and 896.8 parts of lactose monohydrate were 
mixed in a tumbling mixer to an evenly distributed mixture, whereafter the mixture was 
micronised in a spiral mill using a pressure and feeding rate suitable to obtain a particle 
size of less than 3 jam (mass medium diameter as measured by a coulter counter). The 
micronised particles were then treated using the method described in WO 95/05805 to 
remove amorphous regions in their crystal structure. 98 parts of micronised budesonide 
were added and the mixture was remicronized at a lower pressure in a spiral jet mill to a 
homogenous mixture. The powder was then agglomerated by feeding into a screw feeder 
(K-Tron), sieved in an ocillating sieve (0.5 mm mesh size), spheronised in a rotating pan 
with a speed of 23 rpm for 10 minutes, then sieved again (0.5 mm mesh size), spheronised 
once more before final sieved (0.8 mm mesh size) to give a powder with a bulk density of 
0.34 g/ml. 

Example 7 

Example 6 was repeated with identical conditions but using 5.2 parts of micronized 
formoterol fiimarate dihydrate, 798.8 parts of micronized lactose monohydrate and 196 
parts of micronized budesonide. The bulk density obtained was 0.34 g/ml. 
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Claims 

1 . A dry powder composition comprising one or more potent pharmaceutically active 
substances and a carrier substance, ail of which are in finely divided form, wherein the 
formulation has a poured bulk density of from 0.28 to 0.38 g/ml. 

2. A composition according to claim 1 wherein the one or more potent pharmaceutically 
active substances are budesonide and formoterol. 

3. A composition according to claim 1 or 2 wherein the bulk density is from 0.30 to 0.36 
g/ml. 

4. A composition according to claim 1 , 2 or 3 wherein the active substance and carrier 
substance are substantially uniformly distributed. 

5. A composition according to any one of claims 1 to 4 for use in the treatment of a 
respiratory disorder. 

6. A process for preparing a composition according to claim 1 which comprises 

(a) micronising the one or more potent pharmaceutically active substances and the 
carrier substance; 

(b) optionally conditioning the product; and 

(c) spheronizing until the desired bulk density is obtained. 

7. A process according to claim 6 which comprises a low energy remicronisation step 
after step (b). 

8. Use of a composition according to any one of claims 1 to 4 in the manufacture of a 
medicament for use in therapy. 
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9. A method of treating a patient suffering from a respiratory disorder which comprises 
administering to the patient a therapeutically effective amount of a composition according 
to any one of claims 1 to 4. 
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INHALATION COMPOSITIONS INCLUDING COARSE CARRIER 

This invention relates to dry powder inhalation compositions, their preparation and use. 
In particular, it is concerned with formulations of the medicament formoterol and 
5 pharmaceutically acceptable derivatives thereof mixed with particulate lactose. 

In order to be able to be inspired into the key target sites in the lungs of patients, 
inhalation drugs are typically provided in micronized form with average particle sizes 
of up to 10 microns. A number of devices have been developed for assisting the 
1 0 delivery of such medicaments into the lungs of patients. In one sort of device, a dry 
powdered inhaler (DPI) device, the medicament to be inhaled is dispensed into an air 
stream produced by the inspiratory action of the patient. A large number of such 
devices have been developed. The device may be a single dose device (eg wherein 
drug is dispensed from a pre-metered dosage means such as a capsule) or multidose 
5 (where the drug is stored in a reservoir and then metered prior to dispersal in the air 
stream or where the drug is pre-metered and then stored in multiple dosage packs such 
as blisters). In many (but not all) DPI devices, the particulate drug is mixed with an 
excipient powder of larger average particle size and the drug particles are blended with 
the excipient to create a generally homogenous mixture. The larger particle size of the 
excipient results in the powder mixture being flowable, and the homogeneity of the 
mixture enables it to be metered into accurately measurable doses. This is of particular 
importance when only very small quantities of the drug are required in a dose. 
Excipient powders of this kind, pharmaceutical powder compositions for inhalation 
utilising such excipients are described, for example, in US Patent 3 957 965. 

The accurate metering of highly potent inhalable drugs causes particular problems, as 
the quantity of medicament in the composition relative to that of the carrier is likely to 
be particularly small. (Less than 1 part of drug to 50 parts of carrier). One such 
medicament is formoterol which is often administered to patients at a dose of less than 
60 micrograms; doses may be as small as 6 micrograms. We have now found dry 
powder inhalation compositions of formoterol which are easier to handle than 
previously described compositions. In addition, the composition can be readily filled 
into reservoir containing multidose DPI devices, such as the multidose DPI (MDPI) 
device described in WO 92/10229. In addition, the such compositions can be 



accurately metered and give better dispersions when Espoused from such deviees then 
prevously described compositions. Certain compositions may also be more stable. 

According to the invention, we provide a dry powder inhalation composition 
5 compnsing particulate formoterol or a pharmacentically acceptable derivative thereof 
as active ingredient and particulate lactose, wherein the lactose has a volume median 
d,ameter (VMD) of between 80 and 120 microns, 100% by weigh, of me lactose 
particles are less than 250 microns, between 80 and 96 % by weigh, are less man 150 
nucrons, between 33 and 55 % by weigh, are !ess man 90 microns and between 8 and 
1 0 25 % by weight are less than 5 microns. 

We prefer compositions in which between 18 and 37 %, more preferably between 18 5 
and 36.5 %, by weight of the lactose has a particle size less than 60 microns. A 
particular range that may be mentioned is 1 8.9 to 36 1 by weight 

15 

We prefer compositions wherein between 15 and 35 % by weight, more preferably 
between 15.5 and 34.5 % by weight, of the lactose has a particle si ze less than 30 
microns. A particular range that may be mentioned is between 16 and 34 % by weight. 

20 We prefer a composition wherein between 14 and 32 % by weight, more preferably 
14.5 and 31.5 % by weight of the lactose has a particle size less than 15 microns A 
particularly preferred range that may be mentioned is between 15 and 31 %. 

We prefer compositions wherein between 13 and 30 % by weight, more preferably 
25 between 13.5 and 29.0 % by weight, of the lactose has a particle size less than 10 
microns. A particularly preferred range is between 14.2 and 28.5 %. 

We prefer compositions wherein between 34 and 52 % by weight of the lactose has a 
^ particle size less than 90 microns, more preferably between 34.8 and 50.8 % by weight. 

We prefer compositions in which between 8.0 and 24.5 % by weight, more particularly 
between 8.0 and 24.0 % by weight of the lactose has a particle size less than 5 microns. 



The compositions of the present invention may be used in the treatment of chronic 
obstructive pulmonary disease. 



The active ingredient may be in any isomeric form or mixture of isomeric forms, for 
5 example a pure enantiomer, particularly the R, R-enantiomer, a mixture of enantiomers, 
a racemate or a mixture thereof. Pharmaceutically acceptable derivatives of formoterol 
include pharmaceutically acceptable salts, in particular acid addition salts with 
inorganic acids such as hydrochloric acid, hydrobromic acid, sulphuric or phosphoric 
acid. The salt may also be with an organic acid such as acetic, succinic, maleic, 
0 furmaric, citric, tartaric, lactic or benzoic. The active ingredient and pharmaceutically 
acceptable derivatives thereof may exist in the form of a solvate, in particular a hydrate. 
A preferred form of active ingredient for use in the invention is formoterol fumarate, 
especially formoterol fumarate di-hydrate, conveniently in its racemic form. 
Formoterol, salts and hydrates thereof and salt hydrates thereof as described above may 
5 be prepared by known methods, for example as described in US 3 994 974 or US 5 684 
199. 



In general, the active ingredient is present in the dry powder composition at an amount 
which is less than 10 %, preferably less than 2 % and most preferably less than 1 %. 
The actual amount of active ingredient in the composition will depend to a large extent 
on the nature of the dry powder inhaler and the quantity of composition that is metered 
individual dose. Where a large dose of composition is metered, the proportion of 
formoterol in the dose will be reduced. Particularly dilute compositions are disclosed 
in WO 01/39745, for example 0.02 % by weight. 

The mean particle diameter of the active ingredient is preferably up to 10 microns, 
more preferably up to 5 microns especially from 1 to 5 microns. The particle size of 
the active ingredient can be reduced to the desired level by conventional means, for 
example by grinding in a mill for example an air jet, ball or vibrator mill, by sieving, by 
crystallisation, by spray-drying or by lyophilisation. 

The desired particle size distribution of the lactose may be prepared in a similar way. 
However, it is preferable to prepare the lactose by blending two or more portions of 
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prevrously classified lactose, for example a fine blend of lactose, in which the mean 
parricle diameter is less man 10 microns and a portion in which me mean particle 
dtameter is relatively coarse. A characteristic coatse lactose will be mat supplied as 
classified lactose ma, is collected by a mesh with mesh size of 90 microns after passing 
through a mesh with mesh size of 1 50 microns. 

The dry powder composition may be metered and filled into capsules, eg gelatine or 
hydroxypropyl methol cellulose capsules such that the capsule contains a unit dose of 
active ingredient. 

Doses of active ingredient to be held in accordance with the invention, may be in 
general from 1 to 60 micrograms. When the active ingredient is formoterol fumarate 
chhydrate, the dose may be, for example, from 6 to 54 micrograms. Preferred doses are 
from 6 to 24 micrograms, especially the unit doses of 6 micrograms, 12 micrograms 
and 24 myograms. These doses may be administered once or twice daily. 

When the dry powder is in a capsule containing a unit dose of active ingredient the 
total amount of composition will depend on the size of the capsules and' the 
characteristics of the inhalation device with which the capsules are being used 
20 However, characteristic total fill weights of dry powder to per capsule are between 1 
and 25 mg eg 5, 10, 15 or 20 mg. 

Alternatively, the dry powder composition according to the invention maybe filled into 
the reservoir of a multidose dry powder inhaler, for example of the kind illustrated in 
25 WO 92/10229. 
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Compositions according to the invention may be readily prepared by blendin* the 
required amount of active ingredient with the required amount of particulate lactose of 
the desired particle size distribution. 

Preferably, the lactose is alpha lactose monohydrate. 
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Example 1 



0-265 grams fomiotero| (as ^ 

grams of tactose that has a particle size di«rt„ . Wended With 99 ^ 

>■ iacose was prep J by ^ — - ^ as shown in Table 

wi* microfi „e .ae.ose h av tag a ^ „ ^ " " "° miCr ° n <**> 
W-d was fi«ed i„ t „ th e reservoirofa . f n 7 ™ Cr ° nS ^ ^ f< »™ <ac.„ S e 
92/, 0229. ^ P ° Wder °f the tyP e i„u S ,ra t ed in WO 

~^^o„f OTth ef onnoterolJactose 
Parameters 




Epical particle size distribution 



of a lactose blend is shown in Fig. 1. 




Particle size (fim) 
Figure 1 . The particle size distribution of a batch of lactose 

IN- VITRO COMPARISON STUDIES. 



In order to measure the performance of the product thus developed, a study was 
undertaken which compared the drug delivery and deposition properties of the 
multidose dry powder inhaler illustrated in WO 92 10229 (hereinafter referred 
to as the Ivax MDPI) with the Oxis Turbohalers®. The Ivax MDPIs and Oxis 
Turbohaler were tested under the same conditions specified in European 
Pharmacopoeia (2001). The drug per actuation (DP A) was measured using a 
dose unit sampling apparatus whilst fine particle dose (FPD) and fine particle 
fraction (FPF) were measured using a 5-stage 'liquid impinger.The Turbohaler 
(Fig. 2) showed a much larger variation in DP A than the Ivax MDPI (Fig. 3). 
The mean DP A from three Turbohalers with label claim of 6 ug was 3.9 ug, 
suggesting that a large portion (over 30%) of the drug was not released from the 
device. The mean DP A from three Ivax MDPIs was 5.3 ug, which was within 
80-120% label claim (6 ug). The three Turbohaler devices showed an RSD of 
27.8% for the DP A values which was more than twice the value (1 1 .9%) of the 
Ivax MDPI. Therefore, the Ivax MDPI is more consistent in the delivery of the 
drug than the Turbohaler. 
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Figure 2. The drug per actuation from Oxis Turbohaler with a label claim of 6 
ug formoterol (Batch ZE226) 




2 3 4 31 32 33 34 58 59 60 

Shot number 



Figure 3. The drug per actuation from Ivax MDPI with a label claim of 6 p.g. 
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Table 2. Deposition profiles of formoterol Oxis Turbohaler and Ivax MDPI 
(The label claim of both devices was 6 ug) 





Ivax MDPI 


Oxis Turbohaler 
batch ZE 226 


Actuations 7-26 


Device '.. 


Device 2 


Device 3 


Device 1 


Device 2 


Device 3 


IND, PORT (ug) 


1.07 


1.12 


0.98 


1.00 


l.OO 


1.10 


STAGE l(ug) 


1.95 


1.94 


1.94 


0.20 


0.10 


0.20 


STAGE 2(ug) 


0.39 


0.24 


0.29 


0.10 


0.10 


0.20 


STAGE 3(ug) 


0.82 


0.77 


0.83 


0.60 


0.70 


0.90 


STAGE 4(ug) 


0.83 


0.90 


0.82 


0.90 


0.90 


1.10 


STAGE 5(ug) 


0.73 


j 0.78 


0.65 


0.70 


0.70 


0.90 


RD(ug) 


5.79 


5.75 


5.51 


3.50 


3.50 


4.20 


FPD (ug) 


2.60 


2.50 


2.40 


2.30 


2.30 


2.80 


FPF (% RD) 


45 


43 


44 


66 


66 


67 


FPF (% LC) 


43 


42 


40 


38 


38 


47 


Actuations 37-56 














IND. PORT (ug) 


0.93 


0.83 


0.85 


1.10 


0.90 


0.70 


STAGE l(ug) 


2.16 


2.08 


2.15 


0.30 


0.20 


0.20 


STAGE 2(ug) 


0.25 


0.27 


0.26 


0.10 


0.10 


0.20 


STAGE 3(ug) 


0.64 


0.72 


0.67 


0.70 


0.60 


0.50 


STAGE 4(ug) 


0.71 


0.84 


0.76 


0.90 


0.80 


0.60 


STAGE 5(ug) 


0.60 


0.76 


0.71 


0.70 


0.70 


0.50 


RD(ug) 


5.29 


5.50 


5.40 


3.90 


3.40 


2.60 


FPD (ug) 


2.10 


2.40 


2.20 


2.40 


2.20 


1.60 


FPF (% RD) 


40 


44 


41 


62 


65 


62 


FPF (% LC) 


35 


40 


37 


40 


37 


27 



Note: RD is the total recovered dose from the impinger; LC is label claim and 



IND. Port stands for Induction Port. 



No significant difference was found in the fine particle dose (FPD) of 
formoterol from the Ivax MDPI (237 ±0.19 \xg) and the Oxis Turbohaler (2.27 
± 0.39 fig) (See Table 2). Ivax 

In conclusion, drug delivery from the Ivax MDPI is more uniform than that 
from the Oxis Turbuhaler but these devices produced a similar respirable dose 
of drug particles that may reach the site of actions in the airways. 

CONCLUSIONS. 

Extensive work has been done in the development of the formulations employed 
in the Ivax formoterol MDPIs. Special attention has been paid to investigation 
of the effects of particle size distribution of the lactose, blending process and 
drug-to-carrier ratio on the dose uniformity and in vitro deposition profiles of 
the final blends. 

A blend composed of 0.26% w/w micronised formoterol in the lactose were 
thus prepared using a Turbula Mixer. The final products were found to produce 
a mean drug per actuation within 80-120% label claim, mean fine particle dose 
expressed as percentage of label claim > 37%. All parameters met 
Pharmacopoeial specifications set up for dry powder inhalers. The fine particle 
dose of the Ivax Formoterol MDPIs, which relate directly to the therapeutic 
equivalence of these inhalers were comparable to the Oxis Turbohaler. The Ivax 
MDPI is shown to be more consistent in the delivery of formoterol than the 
Oxis Turbohaler. 



CLAIMS: 
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1. A dry powder inhalation composition comprising particulate formoterol or a 
pharmaceutical^ acceptable derivative thereof as active ingredient and particulate 
lactose, wherein the lactose has a volume median diameter (VMD) of between 80 and 
120 microns, 100% by weight of the lactose particles are less than 250 micron, between 
80 and 96 % by weight are less than 150 microns, between 33 and 55% by weight are 
less than 90 micron and between 8 and 25% by weight are less than 5 micron. 

2. A composition according to Claim 1, wherein between 25 and 37% by weight 
of the lactose are less than 60 microns. 

3. A composition according to Claim 1 or 2, wherein between 15 and 35% by 
weight of the lactose are less than 30 microns. 

4. A composition according to any one of the preceding Claims, wherein between 
14 and 32% by weight of the lactose are less than 15 microns. 

5. A composition according to any one of the preceding Claims, wherein between 
13 and 30% by weight of the lactose are less than 10 microns. 

6. A composition according to any one of the preceding Claims, wherein the 
between 34 and 52% by weight of the lactose are less than 90 microns. 

7. A composition according to any one of the preceding Claims, wherein between 
8.0 and 24.5% by weight of the lactose are less than 5 microns. 

8. A composition according to any one of the preceding Claims, wherein between 
18.5 and 36.5% by weight of the lactose are less than 60 microns. 

9. A composition according to any one of the preceding Claims, wherein between 
15.5 and 34.5% by weight of the lactose are less than 30 microns. 
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10. A composition according to any one of the preceding Claims, wherein between 
14.5 and 3 1 .5% by weight of the lactose are less than 15 microns. 

11. A composition according to any one of the preceding Claims, wherein between 
5 13.5 and 29.0% by weight of the lactose are less than 10 micron. 

12. A composition according to any one of the preceding Claims, which contains 
between 0.01 and 10% by weight of active ingredient. 
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13. A composition according to any one of the preceding Claims, wherein the active 
ingredient is formoterol fumarate dihydrate. 
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INHALATION COMPOSITIONS INCLUDING FINE CARRIER 

This invention relates to dry powder inhalation compositions, their preparation and use. 
In particular, it is concerned with formulations of the medicament formoterol and 
pharmaceutical^ acceptable derivatives thereof mixed with particulate lactose. 

In order to be able to be inspired into the key target sites in the lungs of patients, 
inhalation drugs are typically provided in micronized form with average particle sizes 
of up to 10 microns. A number of devices have been developed for assisting the 
delivery of such medicaments into the lungs of patients. In one sort of device, a dry 
powdered inhaler (DPI) device, the medicament to be inhaled is dispensed into an air 
stream produced by the inspiratory action of the patient. A large number of such 
devices have been developed. The device may be a single dose device (eg wherein 
drug is dispensed from a pre-metered dosage means such as a capsule) or multidose 
(where the drug is stored in a reservoir and then metered prior to dispersal in the air 
stream or the drug is pre-metered and stored in multiple dosage packs such as blisters). 
In many (but not all) DPI devices, the particulate drug is mixed with an excipient 
powder of larger average particle size and the drug particles are blended with the 
excipient to create a generally homogenous mixture. The larger particle size of the 
excipient results in the powder mixture being flowable, and the homogeneity of the 
mixture enables it to be metered into accurately measurable doses. This is of particular 
importance when only very small quantities of the drug are required in a dose. 
Excipient powders of this kind, pharmaceutical powder compositions for inhalation 
utilising such excipients are described, for example, in 'US Patent 3 957 965. 

The accurate metering of highly potent inhalable drugs causes particular problems, as 
the quantity of medicament in the composition relative to that of the carrier is likely to 
be particularly small. (Less than 1 part of drug to 50 parts of carrier). One such 
medicament is formoterol which is often administered to patients at a dose of less than 
60 micrograms; doses, may be as small as 6 micrograms. We have now found dry 
powder inhalation compositions of formoterol which are easier to handle than 
previously described compositions. In addition, the composition can be readily filled 
into reservoir containing multidose DPI devices, such as the DPI device described in 
WO 92/10229. In addition, such compositions can be accurately metered and give 
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better dispersions when dispensed from such devices, then previously described 
compositions. Certain compositions may also be more stable. 

According to the invention, we provide a dry powder inhalation composition 
5 comprising particulate formoterol or a pharmaceutically acceptable derivative thereof 
as active ingredient and particulate lactose, wherein the lactose has a volume mean 
diameter (VMD) of between 70 and 80 microns, 100% by weight of the lactose 
particles are less than 150 microns, between 75 and 85 % by weight are less than 90 
microns and between 6 and 8 % by weight are less than 5 microns. 

10 

We prefer compositions in which between 25 and 33 %, more preferably between 27 
and 31 %, by weight of the lactose has a particle size less than 60 microns. A particular 
range that may be mentioned is 28 to 3 1 % by weight. 

15 We prefer compositions wherein between 12 and 20 % by weight, more preferably 
between 14 and 17.5 % by weight, of the lactose has a particle size less than 30 
microns. A particular range that may be mentioned is between 14.4 and 17 % by 
weight. 

20 We prefer a composition wherein between 11 and 18 % by weight, more preferably 
12.5 and 15 % by weight of the lactose has a particle size less than 15 microns. A 
particularly preferred range that may be mentioned is between 12.7 and 14.8 %. 

We prefer compositions wherein between 8 and 15 % by weight, more preferably 
25 between 10.5 and 12.5 % by weight of the lactose has a particle size less than 10 
microns. A particularly preferred range is between 10.7 and 12.4 %. 

We prefer compositions wherein between 77 and 83 % by weight of the lactose has a 
particle size less than 90 microns, more preferably between 77.5 and 80 % by weight 

30 

We prefer compositions in which between 6.5 and 7.5 % by weight, more particularly 
between 6.6 and 7.4 % by weight of the lactose has a particle size less than 5 microns. 



The compositions of the present invention may be used in the treatment 
obstructive pulmonary disease. 



The active ingredient may be in any isomeric form or mixture of isomeric forms, for 
example a pure enantiomer, particularly the R, R-enantiomer, a mixture of enantiomers, 
a racemate or a mixture thereof. Pharmaceutically acceptable derivatives of formoterol 
include pharmaceutically acceptable salts, in particular acid addition salts with 
inorganic acids such as hydrochloric acid, hydrobromic acid, sulphuric or phosphoric 
acid. The salt may also be with an organic acid such as acetic, succinic, maleic, 
furmaric, citric, tartaric, lactic or benzoic. The active ingredient and pharmaceutically 
acceptable derivatives thereof may exist in the form of a solvate, in particular a hydrate. 
A preferred form of active ingredient for use in the invention is formoterol fumarate, 
especially formoterol fumarate di-hydrate, conveniently in its racemic form. 
Formoterol, salts and hydrates thereof and salt hydrates thereof as described above may 
be prepared by known methods, for example as described in US 3 994 974 or US 5 684 
199. 

In general, the active ingredient is present in the dry powder composition at an amount 
which is less than 10 %, preferably less than 2 % and most preferably less than 1 %. 
The actual amount of active ingredient in the composition will depend to a large extent 
on the nature of the dry powder inhaler and the quantity of composition that is metered 
for each individual dose. Where a large dose of composition is metered, the proportion 
of formoterol in the dose will be reduced. Particularly dilute compositions are 
disclosed in WO 01/39745, for example 0.02 % by weight. 

The mean particle diameter of the active ingredient is preferably up to 10 microns, 
more preferably up to 5 microns, especially from 1 to 5 microns. The particle size of 
the active ingredient can be reduced to the desired level by conventional means, for 
example by grinding in a mill for example an air jet, ball or vibrator mill, by sieving, by 
crystallisation, by spray-drying or by lyophilisation. 

The desired particle size distribution of the lactose may be prepared in a similar way. 
However, it is preferable to prepare the lactose by blending two or more portions of 
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previously classified lactose, for example a fine blend of lactose, in which the mean 
particle diameter is less than 10 microns and a portion in which the mean particle 
diameter is relatively coarse. A characteristic coarse lactose is that supplied as 
classified lactose that is collected on a mesh with mesh size of 63 microns after passing 
5 through a mesh with mesh size of 90 microns. 

The dry powder composition may be metered and filled into capsules, eg gelatine or 
hydroxypropyl methol cellulose capsules such that the capsule contains a unit dose of 
active ingredient. 

10 

Doses of active ingredient to be held in accordance with the invention, may be in 
general from 1 to 60 micrograms. When the active ingredient is formoterol fumarate 
dihydrate, the dose may be, for example, from 6 to 54 micrograms. Preferred doses are 
from 6 to 24 micrograms, especially the unit doses of 6 micrograms, 12 micrograms 
15 and 24 micrograms. These doses may be administered once or twice daily. 

When the dry powder is in a capsule containing a unit dose of active ingredient, the 
total amount of composition will depend on the size of the capsules and the 
characteristics of the inhalation device with which the capsules are being used. 
20 However, characteristic total fill weights of dry powder to per capsule are between 1 
and 25 mg eg 5, 10, 15 or 20 mg. 

Alternatively, the dry powder composition according to the invention may be filled into 
the reservoir of a multidose dry powder inhaler (MDPI), for example of the kind 
25 illustrated in WO 92/1 0229. 

Compositions according to the invention may be readily prepared by blending the 
required amount of active ingredient with the required amount of particulate lactose of 
the desired particle size distribution. 
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Preferably, the lactose is alpha lactose monohydrate. 



5 



Example 1 

0.265 grams of formoterol (as the fumarate dihydrate salt) was blended with 99.735 
5 grams of lactose that has a particle size distribution within the range shown in Table 1 . 
The lactose was prepared by blending a mixture of 63 to 90 micron lactose (97.5%) 
with microfine lactose having a VMD of 7.5 microns (2.5%). The formoterol lactose 
blend was filled into the reservoir of a MDPI device of the type illustrated in WO 
92/10229. 
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Table 1: Particle size distributions for lactose with a broad particle size 
distribution 



Parameters 


Mean 


Range 


VMD 


76.9 \im 


75.8 - 77.5 ^im 


GSD 


1.6 


1.5-1.9 


< 5 |j.m 


7.0 % 


6.7% - 7.3% 


< 10 (am 


11.7% 


10.9% - 12.3% 


< 15 (j.m 


13.8% 


12.9%- 14.6% 


< 30 |xm 


15.7% 


14.6%- 16.6% 


< 60 jam 


29.3% 


28.3% -30.6% 


<90 jam 


78.6% 


77.8% - 79.5% 


> 150 iim 


100% 

i 


100% 



15 The inhalers that contained the formulation were then tested for pharmaceutical 
performance under conditions specified in European Pharmacopoeia (2001). The drug 
per actuation (DP A) was measured using a dose unit sampling unit whilst fine particle 
dose (FPD) and fine particle fraction (FPF) were measured using a 5 -stage liquid 
impinger 

20 The compositions gave excellent dose uniformity with relative standard deviation 
(RSD) of delivered doses ranging from 4-13% (Table 2) when used in association with 
the device of WO 92/10229, with a good proportion of fine particles of the drug (Table 



3). The pharmaceutical performance of the inhalers remain stable after exposure 
unprotected to elevated conditions. 



Table 2. Relative standard deviation (RSD) of ten doses (3 at beginning, 4 at 
middle and 3 at end of device life) from each inhaler device containing a 
formulation using the said lactose as the excipient before and after storage 
unprotected at 25°C/60% RH for a month 



Before storage 


After storage 


Device 1 


Device 2 


Device 3 


Device 1 


Device 2 


Device 3 


8.1% 


7.9% 


11.4% 


12.8% 


10.5% 


4.7% 



Table 3. Fine particle fraction (FPF, % recovered dose) of formoterol from each 
inhaler device containing a formulation using the said lactose as excipient 
before and after storage unwrapped at 25°C/60% RH for a month. 



Parameters 


Before storage 


After storage 




Device 1 


Device 2 


Device 3 


Device 1 


Device 2 


Device 3 


Beginning of 
device life 


38 


40 


40 


41 


39 


39 


End of device life 


38 


38 


42 


40 


35 


43 
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CLAIMS: 

1. A dry powder inhalation composition comprising particulate formoterol or a 
pharmaceutical^ acceptable derivative thereof as active ingredient and particulate 
5 lactose, wherein the lactose has a volume mean diameter (VMD) of between 70 and 80 
microns, 100% by weight of the lactose particles are less than 150 micron, between 75 
and 85% by weight are less than 90micron and between 6 and 8% by weight are less 
than 5 micron. 

10 2. A composition according to Claim 1, wherein between 25 and 33% by weight 
of the lactose are less than 60 microns. 

3. A composition according to Claim 1 or 2, wherein between 12 and 20% by 
weight of the lactose are less than 30 microns. 

15 

4. A composition according to any one of the preceding Claims, wherein between 
1 1 and 18% by weight of the lactose are less than 15microns. 

5. A composition according to any one of the preceding Claims, wherein between 
20 8 and 1 5% by weight of the lactose are less than 1 0 microns. 

6. A composition according to any one of the preceding Claims, wherein the 
between 77 and 83% by weight of the lactose are less than 90 microns. 

» 

25 7. A composition according to any one of the preceding Claims, wherein between 
6.5 and 7.5% by weight of the lactose are less than 5 microns. 

8. A composition according to any one of the preceding Claims, wherein between 
27 and 3 1% by weight of the lactose are less than 60 microns. 
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9. A composition according to any one of the preceding Claims, wherein between 
14 and 17.5% by weight of the lactose are less than 30 microns. 
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1 0. A composition according to any one of the preceding Claims, wherein between 
12.5 and 15% by weight of the lactose are less than 15 microns. 

11. A composition according to any one of the preceding Claims, wherein between 
10.5 and 12.5% by weight of the lactose are less than 10 micron. 

12. A composition according to any one of the preceding Claims, which contains 
between 0.01 and 10% by weight of active ingredient. 



13. A composition according to any one of the preceding Claims, wherein the 
ingredient is formoterol fumarate dihydrate. 



